A part of a new EBIS-based heavy ion preinjector, the low energy beam transport (LEBT) section between the high current EBIS and the RFQ is a challenging design, because it must serve many functions. In addition to the requirement to provide an efficient matching between the EBIS and the RFQ, this line must serve as a fast "switchyard", allowing singly charged ions from external sources to be transported into the EBIS trap region, and extracted, highly charged ions to be deflected to off-axis diagnostics (time-of-flight or emittance). The space charge of the 5-10 mA extracted heavy ion beam is a major consideration in the design, and the space charge force varies for different ion beams having Q/m from 1-0.16. The line includes electrostatic lenses, spherical and parallel-plate deflectors, magnetic solenoid, and diagnostics for measuring current, charge state distributions, emittance, and profile. A prototype of this beamline has been built, and results of tests are presented.
INTRODUCTION
A new EBIS-based heavy ion preinjector is under construction at Brookhaven National Laboratory [1] . This preinjector will provide enhanced capabilities for both RHIC and the NASA Space Radiation Laboratory (NSRL). To meet the needs of both programs, the preinjector must fulfill the performance requirements given in Table I . Pulse width is chosen to allow 1-4 turn injection into Booster. Peak currents of the single ion charge state are ~2-3 emA. The need to supply beams to multiple users "simultaneously" determines the requirement for species switching in 1 second. An EBIS is ideally suited for meeting the requirements of producing short pulses of highly charged heavy ions at high currents, along with fast switching of species without any deleterious "memory" effects. An ion source, which meets these requirements is now under construction at BNL. The RFQ and Linac to accelerate the beams to the final energy of 2 MeV/amu are under construction at IAP, Frankfurt [2] .
The primary means of seeding the trap of the RHIC EBIS will be injection and trapping of single (or low) charged ions from an external ion source. This technique has been used very successfully, and allows one to produce a very narrow charge state distribution. With ion injection, the EBIS functions purely as a charge state multiplier, and the processes involved in low charge state ion production can be done in various easily accessible external ion sources. Only the necessary numbers of seed ions are injected into the ultrahigh vacuum EBIS ionization volume. The requirements of the external source are relatively modest, needing to produce currents of 10-100 μA of singly charged ions. Advantages of an EBIS working with ion injection are that the ion species and charge state can be easily changed on a pulse to pulse basis, there is no contamination or memory effect, and several relatively low cost external sources can be connected maintained independently of the EBIS. For switching quickly (pulse-to-pulse) between two species, two external injection sources will be used.
The LEBT line, therefore, must allow injection of these singly charged ions, and then the settings for the shared elements must switch within a few milliseconds to transport and match the EBIS extracted ion beam into the RFQ. The functions of this LEBT line are shown schematically in Figure 1 .
LEBT DESIGN
High beam transmission and minimal emittance growth under high space charge are requirements of the LEBT. In addition, one must allow space for injection of the singly charged ions into the EBIS trap, and for beam instrumentation required for fast beam setups.
A prototype of this beamline, as shown in Fig. 2 , is being built as part of the R&D program. An extraction energy of 17 keV/amu was chosen, high enough to minimize space charge effects in the LEBT line, without being excessive, such that voltage holding becomes more difficult, and the RFQ length increases. After exiting the EBIS accelerating column, the first focusing element is a gridded electrostatic lens. While the use of a grid results in a ~10% loss in current, it was chosen because it can provide focusing or defocusing as required by the particular beam species. This can be switched within ~1 ms, to allow different focusing for the incoming, singly charged ions, and the extracted, highly charged ions. A pulsed magnetic solenoid lens focuses the beam into the RFQ. The distance between the two lenses is kept as short as possible, in order to minimize space charge blowup of the high perveance extracted ion beam. The LEBT includes pulsed electrostatic deflectors for injection of singly charged ions into the EBIS trap, deflection of highly charged ions into a diagnostic line (time-of-flight spectrometer), and a deflector which allows ions to be injected directly in to the RFQ from an auxiliary source on a spur line, if desired. Figure 3 shows a calculation of the beam optics for Au 32+ through the electron collector, 100 kV accelerating column, and then the matching lenses into the RFQ. The open aperture through the entire line between the EBIS and RFQ is 10 cm diameter. 
EXTERNAL ION INJECTION LINES
The beamlines for matching multiple external ion sources to the LEBT use only electrostatic focusing and deflection, for easier fast switching of ion species. All beamlines have essentially the same optical components. A Wien filter at the exit of the source, for mass separation, is followed by electrostatic steerers, an electrostatic quadrupole triplet, then a spherical deflector to bend the beam into a shared transport line. After this bend, there is H & V electrostatic steering, and four electrostatic quadrupoles to match into the second spherical deflector. Both spherical deflectors are 44 degree bends, with 5 cm plate separation.
DIAGNOSTICS
There are a variety of diagnostics in the LEBT line, to allow efficient setup of the externally injected ions, tuning of the EBIS for the desired charge state, and extraction and matching into the RFQ. The externally injected ion current can be measured on Faraday cups in each source beam line, on a current transformer (CT) just upstream of the LEBT chamber, and on a CT between the LEBT chamber and the EBIS. There is also a multiwire profile monitor to measure the externally injected ions before they enter the LEBT line.
The charge state distribution of the extracted EBIS beam can be measured with a Mamyrin time-of-flight spectrometer by deflecting the extracted ions off axis into a spur line in the lower right of Figure 2 . Extracted current is measured on CT's at the entrance to the LEBT chamber and at the entrance to the RFQ. In the center of the LEBT chamber, there will be a retractable multiwire profile monitor and emittance measuring unit.
PROTOTYPE LEBT
A prototype LEBT chamber has been built, to test the performance of the matching of the external ions into EBIS, and to transport and measure the emittance of the EBIS beam at the RFQ entrance location. When the RFQ is delivered, initial beam test will be done on the Test EBIS using this LEBT beamline. Initial tests of the injection of externally produced 1+ ions on to the axis of the EBIS are in progress. Beam from a hollow cathode ion source (HCIS) [3] is matched into the LEBT deflectors using four independently controlled electrostatic quadrupoles, each with 5 cm long poles and 5 cm diameter aperture. The injected beam then passes through the 44 degree spherical deflector, and is finally deflected 16 degrees onto the EBIS axis using a parallel plate deflector. For these initial tests, the emittance can be measured at the exit of the LEBT using both a slit-collector and pepperpot emittance devices. An example of the emittance of a 10 uA, 11 kV Cu 1+ beam at the output of the LEBT is shown in Figure 4 . The aberrations measured are consistent with 3D calculation using KOBRA, when the beam fills a large fraction of the aperture in the quadrupoles and deflectors. Figure 5 shows the output emittance when the beam entering the quadrupoles is collimated to 1.8 cm diameter. There is a plan to improve the optics of the beam at the output of the HCIS, so that this collimation can be avoided. We are able to obtain emittances which are symmetric in x and y, as desired. To date, transmission through the LEBT >90% has been achieved without collimation (15 μA Cu+), and with collimation upstream of the quadrupoles, up to 100% has been obtained (9 μA Cu+). This performance is more than adequate to obtain the required intensity of injected 1+ ions. Output emittances with collimation are ≤0.02 pi mm mrad, normalized, rms. While we are continuing to characterize this LEBT, these initial measurements on the performance for ion injection are quite encouraging. 
LEBT Pulsed Solenoid
The laminated steel core solenoid has a length of 251 mm, and a bore diameter of 12 cm. A pulsed current of ~1800 A is required in order to provide the required field of ~8.7 kG. This pulsed solenoid is very similar to units used to match H-beam into the proton RFQ on the BNL 200 MeV linac. A prototype solenoid has been fabricated, and is shown in Figure 6 . This solenoid will be mounted on the LEBT chamber for testing of the transport of the extracted EBIS beam to the RFQ entrance point. 
CONCLUSION
The detailed design is complete for extraction and matching of the high current EBIS output beam into the RFQ, and for the beamlines for injecting low current 1+ ions from external ion sources into the EBIS trap. Prototypes of the LEBT chamber with electrostatic deflectors, the electrostatic quadrupoles, and the LEBT solenoid have been fabricated and are being tested. All diagnostics are either existing, or based on existing units.
